its estuary is a heavily invaded region due to organisms arriving in ballast water and on fouled ships, as well as with the intentional release of non-native species. Recent crab invasions rendered previous means to identify crab larvae unusable. We provide an illustrated dichotomous key with descriptions of stage I zoeae, and to facilitate identification use external characters that remain definitive through all zoeal stages. Crab zoeae included in this key are as follows: Cancer antennarius, Cancer gracilis, Cancer magister, Cancer productus, Carcinus maenas, Eriocheir sinensis, Hemigrapsus nudus, Hemigrapsus oregonensis, Lophopanopeus bellus, Rhithropanopeus harrisii, Pachygrapsus crassipes, Pyromaia tuberculata, and the family Pinnotheridae. This work aims to provide a tool to aid in the understanding of brachyuran zoeae of the San Francisco Bay and estuary.
INTRODUCTION
Invasions of the Chinese mitten crab, Eriocheir sinensis H. Milne Edwards, 1853, and the Green crab, Carcinus maenas (L., 1758) into the San Francisco Bay have called attention to the need for life history analyses. However, crab life history research in the San Francisco Bay and its adjacent estuary system is limited by the inability to identify the numerous crab zoeae found there. To satisfy this need, a dichotomous key was generated that contains the brachyuran stage I zoeae of this critical region. Our analysis of zooplankton samples from northern San Francisco Bay revealed 12 species in the families Cancridae, Grapsidae, Majidae, Portunidae, and Xanthidae, and one generalized grouping (Pinnotheridae). This key only includes species that have been identified from the California Department of Fish and Game (CDFG) ClarkBumpus and Neomysis trawls. Descriptions are of stage I zoeae, unless otherwise stated. Characters used to identify species remain constant through all zoeae stages. Descriptions of later zoeae stages can be obtained in the original papers (Table 1) .
There are other species inhabiting coastal areas near San Francisco Bay (Smith and Carlton, 1975) Zoeae of each species represented in this key had been previously described (Table 1) . Larval specimens were identified using accounts in the published literature. Zoeae from the zooplankton tows were sorted using easily identifiable traits, such as length of the telson, presence or absence of lateral carapace spines, midlateral spines on the pleon, and number of furcal spines.
Zoeal stages were determined by examining swimming setae on the terminal end of the first and second maxilliped as follows (Shanks, 2001 ): 1) families Cancridae, Grapsidae, Majidae, and Portunidae-zoea I, four setae; zoea II, six setae; zoea III, eight setae; zoea IV, ten setae; zoea V, eleven or twelve setae; 2) Pinnotheridae-zoea I, four setae; zoea II, six setae; zoea III, eight setae; zoea IV, nine or ten setae; zoea V, eleven or twelve setae; 3) Xanthidae-zoea I, four setae; zoea II, first and second maxillipeds with six and seven setae, respectively; zoea III, first and second maxillipeds with eight and nine setae, respectively; zoea IV, first and second maxillipeds with nine and ten and eleven setae, respectively.
To aid in the identification of several species, 3 species of zoeae were reared in our laboratory. Gravid Cancer antennarius and Cancer gracilis were collected by CDFG plankton trawls in San Pablo Bay 12 December 2004, and brought to California State University, Fresno. Eggs from both species hatched successfully in 128C seawater. Eriocheir sinensis were bred by Dr. R. Tullis, California State University, Eastbay. Gravid females were brought to the laboratory and zoeae were hatched at 128C, 20& seawater. Stage I zoeae of C. antennarius, and stages I, II, and III of C. gracilis and E. sinensis, were preserved in 70% EtOH. Our analysis of C. antennarius revealed differences in the location of lateral and dorsal spines on the telson from previous descriptions, which proved to be crucial in its identification.
Each couplet uses characters that remain constant through all zoeal stages. Descriptions provided are for stage I zoea, unless otherwise stated. Drawings are diagrammatic to illustrate differences between species. RESULTS Key to brachyuran stage I zoeae of the San Francisco Bay 1A. Telson anterior to furca twice the length of pleomere V (Fig. 1ai ), or pleomere V flared (Fig. 1aii ).
[Carapace with or without lateral spines (Hart, 1935) ] . . . . . . . . . . Pinnotheridae (Fig. 1aiii, 1aiv ). 1B. Telson length anterior to the furca equal to or lesser than the length of pleomere V (Fig. 3ai) (Fig. 3bii) , or rostral spine absent (Fig. 3ci) (Fig. 1bi, 1bii ). [Carapace with dorsal, rostral, and lateral spines present and smooth. Antennule conical, with two long aesthetes and three setae. First maxilliped: endopod of five segments, with one, two, one, two and five setae, respectively; exopod with four plumose natatory setae at the tip. Second maxilliped endopod of three segments, with one, two and three setae, respectively; exopod with four natatory setae. Pleon of five segments plus telson, segments II and III with small lateral spines. Pleomere III, IV and V with posterior lateral extensions. Telson bifurcated with two very small lateral spines and one dorsal spine on each fork, and three barbed spines on posterior margin of each furca (Knudsen, 1959) (Fig. 1biii) Rathbun, 1900) . 3B. Rostral spine two times the length of the dorsal spine (Fig. 1ci) .
[Length of antennae equal to rostral spine. Carapace with dorsal, rostral, and lateral spines. First and second maxilliped exopods with four plumose setae. Pleon of five segments plus a telson.
Pleomere II with small lateral spines. Pleomere IV with shorter posterior lateral extensions and pleomere V with long posterior lateral extensions. Telson bifurcated; each fork with one dorsal spine; telson lateral spines absent; three spines on posterior margin (Connolly, 1925) (Fig. 1cii) (Fig. 2bi) (Fig. 4bi) . . . . . . . . . . . . . . . . . . . 8 5A. Pleomere IV with small lateral spines present (Fig. 2bi) . . . . . . . 6 5B. Pleomere IV without small lateral spines (Fig. 2ci) . . . . . . . . . . 7 6A. Telson with large knob on midventral surface (Fig. 2ai) , no lateral spines, and three barbed spines on posterior margin of each fork.
[Carapace lateral spines absent. Stages II-V with carapace lateral spines. Dorsal and rostral spines equal in length. Antennule conical and smooth with two long aesthetes and one long seta. Antennae uniramous, without exopod. First maxilliped: protopod with four pairs of setae; endopod of five segments, with one, two, one, two and five setae, respectively; exopod has four natatory setae on tip. Second maxilliped: protopod with four setae; endopod with three segments, second segment with one seta, one barbed spine, and two plumose setae, and third segment with two short bare setae; exopod with four natatory setae on the tip. Pleon of five segments, plus a telson. Pleomere II, III and IV with small lateral spines, and segments III, IV, and V with posterior lateral extensions (Schlotterbeck, 1976) (Fig. 2aii) (Fig. 2bii, 2biii ). Carapace dorsal spine longer than rostral spine; all spines covered with small spinules. Antennule conical and narrow, with three aesthetes and two setae at tip. First maxilliped: protopod with six setae; endopod of five segments, with one, one, two, two and five setae, respectively; exopod with four natatory setae. Second maxilliped: protopod with three slightly plumose setae; endopod of three segments with zero, one and five slightly plumose setae, respectively; exopod with four natatory setae. Pleomeres II, III and IV with small lateral spines (Fig. 2bi ). Pleomere V with posterior lateral extensions overlapping telson. Telson bifurcated with no lateral spines and three barbed spines on posterior margin (Montu, 1996) (Fig. 2ci). [Carapace with dorsal, rostral, and lateral spines (Fig. 2cii, 2ciii ). Antennule conical with two aesthetes and one seta at the tip. First maxilliped: protopod with nine setae; endopod of five segments with two, two, one, two and five setae, respectively; exopod with four natatory setae. Second maxilliped: protopod with four setae; endopod with zero, one and six setae; exopod with four natatory setae. Pleon of five segments plus a telson. Telson bifurcated, no lateral spines, and each furca with three barbed spines on posterior margin (Hart, 1935) (Fig. 3aii, 3aiii ). 8A. Carapace lateral spines absent (Fig. 3bi) . . . . . . . . . . . . . . . . . 9 8B. Carapace lateral spines present (Fig. 4aii) . . . . . . . . . . . . . . . . 10 9A. Carapace with dorsal and rostral spines only (Fig. 3bi, 3bii ).
[Antennule with two aesthetes and two setae at the tip. First maxilliped: protopod with 8 or 9 medial setae; endopod of five segments with two, two, one, two and five setae, respectively; exopod with four natatory setae on tip. Second maxilliped: protopod with four medial setae; endopod of three segments with one, one and five setae, respectively; exopod with four natatory setae on tip. Pleon of five segments plus a telson, segment II with small lateral spines. Telson bifurcated, each furca with one large and one small dorsal spine, one thin lateral spine, and three barbed spines on posterior margin (Rice and Ingle, 1975) (Fig. 3biii) (Fig. 3ci, 3cii ). [Antennule roughly conical, with three aesthetes and one seta at the tip. First maxilliped: protopod with eight plumose setae on the inner margin; endopod of five segments with three, two, one, two and five plumose setae, respectively; exopod of two segments with four natatory setae at the tip. Second maxilliped: protopod with four plumose setae on the inner margin; endopod of three segments with zero, one and four plumose setae, respectively; exopod of two segments, with four natatory setae on the tip. Pleon of five segments, segment II with small lateral spines. Telson bifurcated, each furca with one dorsal spine, and three barbed spines on posterior margin (Fransozo and NegreirosFransozo, 1997) (Fig. 3ciii) (Fig. 4ai) . (Fig. 4bi) . 11B. Telson lateral spines form a 45-degree angle with furca, telson dorsal spines present, and each furca with three barbed spines on posterior margin (Fig. 4ai ).
[Carapace with dorsal, rostral, and lateral spines present. Dorsal and rostral spines are approximately equal in length. Antennule with three setae on tip. First maxilliped: endopod of five segments with three, two, one, two and five setae, respectively; exopod with four natatory setae on the tip. Second maxilliped: endopod of three segments with one, one and five setae, respectively; exopod with four natatory setae on the tip. Fig. 1 . a, Pinnotheridae zoea stage I: ai and aii, pleon dorsal view; aiii, anterior view of whole body; aiv, lateral view of whole body. b, Lophopanopeus bellus zoea stage I: bi, anterior view of whole body; bii, lateral view of whole body; biii, pleon dorsal view. c. Rhithropanopeus harrisii zoea stage I: ci, anterior view of whole body; cii, pleon dorsal view. Scale bars, 1ai, 1aii, 1biii, 1cii ¼ 10 lm; 1aiii, 1aiv, 1bi, 1ci ¼ 40 lm; 1bii ¼ 60 lm.
Pleon of five segments, pleomere II with small lateral spines, and all segments with posterior lateral extensions (Trask, 1970) ] . . . . . . . . . . . . . . Cancer productus Randall, 1839 (Fig. 4aii, 4aiii ). 12. Cancer antennarius and Cancer gracilis are very similar in appearance and can be identified by size at each larval stage. 12A. Length from tip of the telson to tip of the rostrum at each zoeal stage is as follows: Zoea I) 1.8 mm; Zoea II) 2.0 mm; Zoea III) 2.3 mm; Zoea IV) 3.1 mm; Zoea V) 4.4 mm. [Carapace with dorsal, rostral, and lateral spines. Dorsal and rostral spines equal in length. Antennule with two long, and two short setae. First maxilliped: endopod of five segments, with two, two, one, two and five setae, respectively; exopod with four natatory setae on the tip. Second maxilliped: endopod of three segments with one, one and five setae, respectively; exopod with four natatory setae on tip. Pleon of five segments, pleomere II with small lateral spines, and segments III, IV and V with posterior lateral extensions.
Telson with lateral and dorsal spines, each approximately 1/5 length of furca, and three barbed spines on posterior margin of furca (Roesijadi, 1976) (Fig. 4bi) (Fig. 4bii, 4biii ). 12B. Length from tip of the telson to tip of the rostrum at each zoea stage is as follows: Zoea I) 1.1 mm; Zoea II) 1.5 mm; Zoea III) 1.9 mm; Zoea IV) 2.5 mm; Zoea V) 3.3 mm. [Carapace with dorsal, rostral, and lateral spines. Dorsal and rostral spines equal in length. Antennule with two long unequal aesthetes, and three shorter unequal setae. First maxilliped: endopod of five segments, with two, two, one, two and five setae, respectively; exopod with four natatory setae on tip. Second maxilliped: endopod of three segments, with one, one, and five setae, respectively; exopod with four natatory setae on the tip. Pleon of five segments, pleomere II with small lateral spines, and segments III, IV and V with posterior lateral extensions. Telson with lateral and dorsal spines, each is approximately 1/5 length of furca, and three barbed spines on posterior margin of furca (Ally, 1975) (Fig. 4bi) (Fig. 4bii, 4biii ).
